Effect of chromium chloride (CrCl2) on the electrical properties for (PVA-PVP-CrCl2) films. by Abed, Raya Ali & Habeeb, Majeed Ali
Journal of Information Engineering and Applications                                                                                                                       www.iiste.org 
ISSN 2224-5782 (print) ISSN 2225-0506 (online) 
Vol.3, No.8, 2013 
 
8 
Effect of chromium chloride (CrCl2) on the electrical properties 
for (PVA-PVP-CrCl2) films. 
Raya Ali Abed, Majeed Ali Habeeb                                                                                                                       
Babylon University, College of Education for pure science, Department of Physics, Iraq 
E-mail:rayaali_88@yahoo.com 
E-mail:majeed_ali74@yahoo.com 
 
Abstract  
    In this study, the samples have been prepared by using casting method from adding chromium chloride to poly 
vinyl alcohol and poly vinyl pyrrolidone with different weight percentages (3,6 and 9) wt.%. The D.C electrical 
properties have been studied with temperature (50-90)oC, also the A.C electrical properties have been 
investigated with frequency ranged from (100- 5*106) Hz at room temperature. Results showed that the D.C 
electrical conductivity increase with increasing of concentration also the activation energy changed with 
increasing of concentration, as well as the dielectric constant and dielectric loss decrease with increasing of 
frequency but the A.C electrical conductivity increase with increasing of frequency, generally the dielectric 
constant, dielectric loss and A.C electrical conductivity increase with increasing of concentration for all samples. 
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Introduction 
    Composite polymers are the process of adding some material to homogeneous polymers in order to change in 
some of its characteristics and the entering of new recipes on it [1]. Composite materials, especially with found 
plastic (polymeric) are one of the modern materials that play a role in most applications of engineering and 
technology, because the use of these materials requires possession good durability and high technically 
performance to resist foreign stresses affecting them and the circumstances surrounding the pressure, 
temperature and humidity and others [2].      In the recent years, water soluble polymers such as PVA, PVP and 
others have been found to be more significant, because of their possessing different applications, these polymers 
films have interestingly been found to be easily accepting various transition metal and rare earths as the do pant 
ions in required concentrations in their transformation as brightly luminescent polymer films of technical 
importance [3]. The poly vinyl alcohol (PVA) is a polymer with exceptional properties such as water solubility, 
biodegradability, biocompatibility, non-toxicity, and non-carcinogenetic that possesses the capability to form 
hydrogels by chemical or physical methods [4]. PVA has high enough tensile strength and satisfactory 
flexibility. To improve deformability PVA is usually plasticized by the variety of  low molecular compounds 
mostly containing polar groups [5] PVP is potential material having a good charge storage capacity and dopant-
dependent electrical and optical properties. Chemically PVP has been bound to be inert, non-toxic and 
interestingly, it displays a strong tendency for complex formation with a wide variety of smaller molecules [6].  
 
Experimental work 
   The materials used in this study are ploy vinyl alcohol and polyvinyl pyrrolidone mixing with CrCl2, samples 
have been prepared by mixing (0.08)g of PVA with (0.02)g of PVP in (30)ml of distilled water, and by using 
magnetic stirrer for the mixing process to obtain more homogeneous solution with temperature of 100 oC, by 
using casting method we get the films from this mixture and casting each one of these ratios in the template 
(Petri dish). The resistivity was recorded by temperature from          (50 to 90)oC by using keithley electrometer 
type (616 C). The volume electrical conductivity σv defined by: [7]           
 
σv =1/p =1/RA                                                                                                                                                         (1) 
 
A:guard electrode effective area. 
R:volume resistance  
L:average thickness  
    The activation energy was calculated using equation:[8] 
 
σ = σo exp(-Ea / kBT)                                                                                                                                               (2) 
  
σ : electrical conductivity at T temperature, σo: electrical conductivity at absolute zero of temperature, KB : 
Boltzmann constant and Eact.: activation energy. 
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     The A.C electrical properties have been measured by LCR meter type HIOKI 3532-50 LCR HI TESTER and 
by different frequencies from (100- 5*106 )Hz, the capacity (Cp), resistivity (Rp), dissipated factor (D) and 
reluctance (Z) have been recorded for all samples. The capacitance of a capacitor constructed of two parallel 
plates is given by the equation:[9]  
C= ɛ  ɛo A/d                                                                                                                                                             (3) 
    The dielectric constant has been calculated  by using equation: 
ɛ'= Cp /Co                                                                                                                                                                 (4) 
ɛ
': dielectric constant, Cp: the capacity and Co: vacuum capacitor 
    The dielectric loss has been calculated  by using equation: 
ɛ''=1/ w RP Co                                                                                                                                                          (5) 
ɛ'': dielectric constant, w: angular frequency, RP: resistivity  
    The A.C electrical conductivity has been calculated from this equation: 
σA.C=w ε"εo                                                                                                                                                             (6) 
σA.C: A.C electrical conductivity, εo: permittivity of free space. 
 
Results and Discussion 
     Figure (1) shows the volume electrical conductivity (σv) for (PVA-PVP) with various concentrations of CrCl2. 
From this figure notice  that the electrical conductivity increase with increasing of concentration. Interpretation 
of increased conductivity is at low concentrations the ions impurities are the form of isolated areas from each 
other into the middle overlapped, but when high concentrations are connected network inside the material 
overlapped is containing paths allow for charge carriers to passing through it pass charge carriers through the 
tracks that are less irresistible electrical [10]. Figure (2) shows the variation of electrical conductivity for (PVA-
PVP-CrCl2) with temperature. The volume electrical conductivity increases with increasing of temperature this is 
means that these materials have resistance of negative thermal coefficient (i.e. that resistance decrease with 
temperature increased).The explanation of this behavior is the polymeric chains and impurity ions act as traps to 
make charge carriers moving by hopping process. The conductivity of all samples will increase because of the 
increasing charge carriers and its movement [11].  
 
 
   Figure(1): Variation of D.C electrical conductivity with CrCl2 concentration for (PVA-PVP-CrCl2) 
composite. 
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Figure (2): Variation between D.C electrical conductivity and temperature for (PVA-PVP-CrCl2) 
composite. 
    Figure(3) shows that the relationship between Ln D.C electrical conductivity with inverted absolute 
temperature for (PVA-PVP-CrCl2) composite. The activation energy was determined from equation (2). Results 
show that the activation energy equal to (0.50)  at 3wt.% but at 9 wt.% reached to (0.42) for (PVA-PVP-CrCl2) 
composite, this is mean that the activation energy has high  values at low concentration while at high 
concentration it has low values these due to the increase the local levels in the distance between conduction band 
and valence band. This is consist with the finding of the researchers [12,13]. The decrease in activation energy 
with increasing of (CrCl2) concentration shown in figure (4).  
 
 
Figure (3): Relationship between Ln conductivity and inverted absolute temperature for (PVA-PVP-
CrCl2) composite. 
  
1.00E-11
1.00E-10
1.00E-09
1.00E-08
1.00E-07
1.00E-06
1.00E-05
50 60 70 80 90
Co
n
du
ct
iv
ity
(S
/c
m
)-1
T(c)
pure
3 wt.%
6 wt.%
9 wt.%
-25
-23
-21
-19
-17
-15
-13
-11
2.7 2.75 2.8 2.85 2.9 2.95 3 3.05 3.1
ln
(co
n
du
ct
iv
ity
)
1000/T(k-1)
pure
3 wt.%
6 wt.%
9 wt.%
Journal of Information Engineering and Applications                                                                                                                       www.iiste.org 
ISSN 2224-5782 (print) ISSN 2225-0506 (online) 
Vol.3, No.8, 2013 
 
11 
 
  Figure (4): Variation of activation energy with CrCl2 concentration for     (PVA-PVP-CrCl2) composite. 
    The effect of concentration on the dielectric constant for (PVA-PVP-CrCl2) composite at 100 Hz shown in 
figure (5). From this figure we note that the dielectric constant increased with increasing of concentration. The 
reason of this increase attributed to formation of a continues network of (CrCl2) salt inside the composite. This is 
similar to the results was reached by researchers [14,15].  
 
 
Figure (5): Variation between dielectric constant and concentration for       (PVA-PVP-CrCl2) composite 
at 100 Hz. 
 
    Figure (6) show the variation of the dielectric constant with frequency for  (PVA-PVP-CrCl2) composite. This 
figure show that the dielectric constant decrease with increasing of frequency. The increase in frequency lead to 
decease polarization contribution to the total polarization interface which is the most common types of 
polarization contribution in low frequencies and it is decrease with increasing of frequency this is lead to 
decrease the values of dielectric constant for (PVA-PVP-CrCl2) composite  with increasing of applied frequency 
from (100-5*106)Hz. The another types of  polarization appear in the fallowing frequencies and the response to 
the change applied frequency of ionic polarization is less than the electronic polarization because of  ions mass 
larger than electrons mass where the electrons response to the oscillate of filed even the high frequencies because 
of the small electron mass which made the electronic polarization is the only at high frequencies thus the 
dielectric constant approximately fixed for all samples at high frequencies [12,15]. 
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Figure (6): Dielectric constant as a function of frequency for (PVA-PVP-CrCl2) composite. 
    The variation of dielectric loss with frequency for (PVA-PVP-CrCl2) composite shown in figure (7). It is 
obvious from this figure that the values of dielectric loss are high at low frequencies but they  are decrease with 
increasing of frequency this is attributed to decrease of contributed the ionic polarization with increasing of  
frequency [15], while at high frequency which is reached to (5*106)Hz, the dielectric loss is approximately fixed 
this is due to another polarization mechanisms which are occur in high frequencies, also notice the value of 
dielectric loss increased with increasing of (CrCl2) concentration as shown in figure (8) this is due to increase of 
ionic charge carriers with increasing of concentration. This is similar to results of researchers [16,15,12].  
 
 
Figure (7): Dielectric loss as a function of frequency for (PVA-PVP-CrCl2) composite. 
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Figure (8): Variation of dielectric loss with concentration at 100 Hz for       (PVA-PVP-CrCl2) composite. 
    The variation of A.C electrical conductivity (σa.c) for (PVA-PVP) with various concentration of (CrCl2)  at 100 
Hz shown in figure (9). It is clear from this figure the A.C electrical conductivity increase with increasing of 
(CrCl2) concentration this is due to the effect of the space charge. The ions of ferric chloride take the form of 
clusters or separated groups at low concentration. The conductivity is increase with increasing of  concentration  
as a result of  the increase  in ionic charge  carries and the formation of a continuous network of chloride ions 
inside the composite consequently, the conductivity is increasing with the increase of chloride concentration 
[17]. 
 
 
Figure (9): Variation between A.C electrical conductivity and concentration at 100 Hz for (PVA-PVP-
CrCl2) composite. 
 
 
    Figure (10) show the variation of conductivity with frequency for (PVA-PVP-CrCl2) composite. This figure 
appear that the A.C electrical conductivity increase considerably with the increase of frequency ranged of (100-
5*106)Hz, this is attributed to the ionic polarization which occurs at low frequency, also the motion of  charge 
carries by hopping process. The increasing of conductivity is small at high frequencies, this is due to the 
electronic polarization and the charge carriers which travel by hopping process [18]. 
0.5
0.7
0.9
1.1
1.3
1.5
1.7
1.9
2.1
2.3
2.5
0 2 4 6 8 10
D
ie
le
ct
ri
c 
lo
ss
Concentration (wt.%)
2.9E-11
4.9E-11
6.9E-11
8.9E-11
1.09E-10
1.29E-10
0 2 4 6 8
C
o
n
d
u
ct
iv
it
y
 (
Ω
.c
m
)-
1
 
Concentration (wt.%)
Journal of Information Engineering and Applications                                                                                                                       www.iiste.org 
ISSN 2224-5782 (print) ISSN 2225-0506 (online) 
Vol.3, No.8, 2013 
 
14 
 
Figure (10): Variation between A.C electrical conductivity and frequency for (PVA-PVP-CrCl2) 
composite. 
 
Conclusions 
 
1. D.C electrical conductivity for (PVA-PVP-CrCl2) composite  increase with      increasing of temperature and 
(CrCl2) concentration, and the value of  D.C electrical  conductivity was reached to 9.19*10-7 (Ω.cm )-1 at 50 
oC for   (PVA-PVP-CrCl2) composite.         
2. Activation energy for all composites decreased with increasing of concentration.   
3. Dielectric constant and dielectric loss decreased with increasing of frequency but   A.C electrical 
conductivity σa.c increased with increasing of frequency for all samples  
4. Dielectric constant, dielectric loss and A.C electrical conductivity increase with  increasing of concentration. 
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